This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. 
A c c e p t e d M a n u s c r i p t 
Transient Transfection and Protein Expression. 106
A c c e p t e d M a n u s c r i p t 5 2.5. NAT1 Assay. 116 117 NAT1 activity was assayed using p-aminobenzoic acid (PABA) as substrate and either 118
AcCoA, dephospho-AcCoA, or p-nitrophenylacetate (pNPA) as cofactor. N-acetyl-PABA was 119 measured by high performance liquid chromatography as previously described. 23 Kinetic 120 parameters for PABA were determined using 1100 µM cofactor and 0 to 1200 µM PABA. For 121 the determination of cofactor kinetic parameters, 420 µM PABA was used with 0 to 1200 µM 122 cofactor. All The mechanism for the acetylation of substrates by NAT1 is shown in Figure 2A and 162 comprises 2 sequential reactions. AcCoA initially binds to the enzyme and acetylates Cys 68 . 163
Following release of CoA, the acetyl acceptor interacts with the acetylated enzyme to form 164 product. The second reaction is independent of the acetyl donor as it leaves the enzyme before 165 the acetyl acceptor binds. However, as with many ping pong bi bi reactions, competition between 166 acetyl donor and acetyl acceptor for the unacetylated enzyme can occur. This results in substrate-167 dependent inhibition at high concentrations, as has been described for the human NATs [23] . 168
Initially, we examined the kinetics of NAT1 acetylation using the different acetyl donors, 169
AcCoA and pNPA. Both compounds readily support the first half of the reaction but pNPA is 170 much smaller and lacks the phosphor-ADP and pantothenic groups of AcCoA that interact with 171 the 2 and 3 domains of the enzyme ( Figure 2C ). For pNPA, the reaction kinetics are slightlyA c c e p t e d M a n u s c r i p t Initially, the kinetics of PABA acetylation was studied in wild-type enzyme ectopically 177 expressed in HeLa cells to ensure post-translational modification of the enzyme. The initial rates 178 of reaction using pNPA and AcCoA as acetyl donors are shown in Figure 3A . Substrate 179 inhibition was evident for both donors, although this was seen at a lower substrate concentration 180 with pNPA. To determine the kinetic parameters for both the acetyl donors and the acetyl 181 acceptor, equation 2 was simultaneously fitted to the data with the assumption that K b and K i are 182 independent of the acetyl donor used. The resulting kinetic parameters are shown in Table 1  183 (rows 1 and 4). For pNPA, K a was almost 10 times that seen for AcCoA. In addition, V max was 184 almost 4 fold greater for pNPA. V max is a measure of the rate of product formation and, for a 185 double displacement mechanism, it is equal to the product of [S•AcE] and k 4 (Figure 2A 
& B). 186
Since k 4 is independent of the acetyl donor, the difference in V max indicates that the steady state 187
[S•AcE] was higher for pNPA. 188 189
Effect of Lys 100 mutations on NAT1 kinetics. 190 191
To examine the role of Lys 100 in NAT1 catalytic activity, the amino acid was mutated to 192 either a glutamine (K 100 Q) or a leucine (K 100 L). With pNPA as the acetyl donor, PABA 193 acetylation was similar for both the wild-type and the mutated forms of the enzyme ( Figure 3B ). 194
The estimated steady state kinetic parameters are shown in Table 1 (rows 1-3). The lack of any 195 effect following mutation indicates that Lys 100 is not involved in the binding of pNPA to the 196 enzyme, which is consistent with its location deep within the catalytic pocket away from the 2 197 and 3 domains. In addition, the results suggest Lys 100 does not influence the binding of the 198 acetyl acceptor (PABA) to the enzyme. Using the kinetic parameter estimates in Table 1,  199 inhibition by PABA at the different concentrations was calculated and is plotted in Figure 3C . 200
The data show that mutation of Lys 100 did not affect the competition between pNPA and PABA 201 for the unacetylated enzyme. The lack of any change in the estimates for the PABA inhibitionA c c e p t e d M a n u s c r i p t 8 When AcCoA was used as the acetyl donor, the reaction kinetics were very different 204 between the mutant and the wild-type enzymes ( Figure 3D ). Table 1 (rows 4-6) shows a 205 significant increase (p<0.05) in the acetyl donor kinetic constant (K a ) from 0.68 mM for the 206 wild-type enzyme to 8-10 mM for the K 100 Q and K 100 L mutant enzymes. Moreover, the extent of 207 substrate inhibition was much greater for the mutant enzymes ( Figure 3E ). This suggests that the 208 affinity of AcCoA for the enzyme was decreased since K i did not change (Table 1) . 209
To test whether the charge at K 100 affected NAT1 activity, the lysine was mutated to an 210 arginine (K 100 R) and the resulting steady state velocities are shown in Figure 3D . The K a for 211
AcCoA was similar to that for the wild-type enzyme (Table 1 ). However, the K 100 R mutant did 212 not fully recover activity as the V max for the reaction was significantly less (p<0.05) than that of 213 the wild-type enzyme. Nevertheless, these results suggest that the charge of the amino acid at 214 position 100 influences the affinity of AcCoA for the enzyme. 215
To confirm the effects of K 100 mutation on the kinetics of AcCoA, steady state reaction 216 velocities were determined using a constant PABA concentration (420 M) and increasing 217
AcCoA concentrations for both the wild-type and mutant enzymes ( Figure 3F ). Over the 218 concentration range of 0 to 1.2 mM, saturation of the wild-type and K 100 R enzymes was seen. 219 This is consistent with the K a less than 1 mM shown in Table 1 . By contrast, activity was 220 significantly less and no saturation was seen with the K 100 L and K 100 Q enzymes, in agreement 221 with the increased K a for these enzymes. The parameter V max /K a is the rate constant for the 222 association and formation of a productive complex (acetylated enzyme intermediate) by the 223 acetyl donor [24] . For pNPA, V max /K a was independent of Lys 100 (Table 1) . By contrast, for 224 AcCoA, V max /K a decreased more than 4 fold when Lys 100 was replaced with either a glutamine or 225 a leucine. This indicates that the mutated enzymes do not form a productive complex with 226
AcCoA to the same degree as the wild-type enzyme. 227 228
Effect of the 3'-phosphoanion of AcCoA on NAT1 kinetics. 229 230
Because the crystal structure of CoA bound to NAT2 suggested that K 100 might interact 231 with the 3'-phosphoanion of the acetyl donor, 3'-dephosphorylated AcCoA (dephospho-AcCoA) 232 was synthesized and used as the acetyl donor ( Figure 2C ). The steady state velocities are shownA c c e p t e d M a n u s c r i p t 9 AcCoA with the K 100 L and K 100 Q enzymes (Table 1 ). These data suggest that removal of the 235 positive charge at position 100 of NAT1 or removal of the negative 3'-phosphoanion from the 236 acetyl donor had the same effects on enzyme kinetics. Surprisingly, the K a for dephospho-237
AcCoA increased even further when the K 100 L and K 100 Q enzymes were examined (Table 1) , 238 resulting in a further decrease in activity for PABA acetylation (Figure 4) . Thus, removal of both 239 the positively charged amino acid at position 100 and the negatively charged 3'-phosphoanion on 240
AcCoA affected enzyme activity much greater than each of the individual changes. This is 241
shown in the estimates for V max /K a . For the wild-type enzyme, V max /K a decreased from
However, unlike that seen with AcCoA, there was no difference in activity between the wild-245 type enzyme and the K 100 R mutant when dephospho-AcCoA was used as the acetyl donor (Table  246 1 and Figure 4) . 247 AcCoA, and this finding was supported by experiments using dephospho-AcCoA. 285
Analysis of the kinetic constants provides some insight into how Lys 100 affects 286
AcCoA binding. The lack of any effect of Lys 100 mutation on enzyme activity with pNPA as 287 acetyl donor indicates that this amino acid does not influence PABA binding to the enzyme or 288 the rate of product release, that is, k 3 , k -3 or k 4 (Figure 2A ). When Lys 100 was mutated to either a 289 glutamine or a leucine, V max more than doubled (Table 1) . V max is proportional to k 2 .k 4 /(k 2 +k 4 ) 290
[14] and since k 4 was unaffected, Lys 100 must primarily influence k 2 , the rate constant for the 291 release of CoA from the enzyme. An increase in k 2 will also lead to an increase in the steadyA c c e p t e d M a n u s c r i p t 11 binding to the intermediate (Figure 2A) . However, the data do not exclude the possibility that 294 Lys 100 is also involved in the association and/or dissociation of AcCoA (that is, k 1 and k -1 ). 295 Figure 3E indicates that PABA competes more effectively with AcCoA for the K 100 Q and K 100 L 296 proteins compared to the wild-type enzyme. Since the binding of PABA to the enzyme was not 297 influenced by either of these mutations, the data indicate that the affinity of AcCoA for NAT1 298 decreased when the charge at position 100 was changed to a non-positive amino acid. The 299 overall outcome of modifying Lys 100 is a less efficient first half of the reaction (due to a deceased 300 rate of productive interaction between the enzyme and AcCoA) and a more efficient second half 301 of the reaction (due to a faster release of CoA and a higher steady state concentration of the Ac-E 302 intermediate). This conclusion was supported by the experiment in Figure 3E where AcCoA 303 concentration was varied, which showed an increase in K a . For AcCoA, K a is a function of k 1 , k -304 1 , k 2 and k 4 (see above and [14]). Since k 4 was unaffected by mutation of K 100 , the increase in K a 305 suggests a change in k 1 , k -1 or k 2 . Each of these parameters are involved in AcCoA binding 306 and/or the initial acetylation of the active site cysteine. 307
308
Removal of the 3'-phosphoanion from AcCoA produced the expected changes in PABA 309 kinetics that mimicked removal of the positive charge at Lys 100 . However, somewhat 310 unexpectedly, the steady state kinetics for PABA acetylation by the K 100 Q and K 100 L mutants 311
showed an even larger increase in K a to ~ 28 mM. The reason for this is currently unknown but 312 suggests that Lys 100 may interact with AcCoA in addition to the 3'-phosphoanion. The crystal 313 structure of NAT from B anthracis suggests Lys 248 can simultaneously interact with the 3'-314 phosphoanion and the 5'-phosphoanion of CoA ( Figure 5A ), but this is unknown for NAT1. 315
The interaction of quaternary amines with phosphates has been shown to be a highly 316 stable non-covalent bond [33] [25] . Structures were drawn with Swiss PDB Viewer (4.1), which was also used to calculate distances. 
